Introduction
============

High-grade non-Hodgkin lymphoma (NHL) is considered to represent one of three acquired immune deficiency syndrome (AIDS)-defining malignancies ([@b1-mco-0-0-1673]), among which diffuse large B-cell lymphoma (DLBCL) is the most common, accounting for 31% of all NHL cases ([@b2-mco-0-0-1673],[@b3-mco-0-0-1673]). However, primary non-Hodgkin lymphoma of the lung is uncommon and accounts for only 0.4% of all malignant lymphomas ([@b4-mco-0-0-1673]). The majority of primary pulmonary lymphomas (PPL) are of low grade, of the mucosa-associated lymphoid tissue type, and primary pulmonary DLBCL is extremely rare ([@b5-mco-0-0-1673]). Primary central nervous system lymphoma (PCNSL) is a rare tumor of the brain that accounts for 4% of newly diagnosed patients with CNS malignancies ([@b6-mco-0-0-1673],[@b7-mco-0-0-1673]); however, the majority of patients with PCNSL have the highly aggressive diffuse large B-cell subtype. In the present study, the case of a patient suffering from DLBCL with concurrent pulmonary and cerebral involvement is reported. This is rare in clinical practice and, considering that its clinical symptoms are non-specific, prompt diagnosis often proves difficult ([@b8-mco-0-0-1673]).

Case report
===========

A 42-year-old man presented with a 2-week history of dry cough and thoracalgia accompanied by intermittent mild fever and headaches; however, no night sweats or weight loss were reported. The patient had a history of sexual contact with men. A total of 18 months prior to the presentation, the patient was diagnosed with pulmonary tuberculosis (TB) in a specialized hospital in China following the development of fever and cough. The results of acid-fast staining on sputum smear analysis and a chest X-ray showing infiltrates in both lungs were consistent with typical TB manifestations ([Fig. 1A](#f1-mco-0-0-1673){ref-type="fig"}). Simultaneously, the patient was diagnosed with human immunodeficiency virus (HIV) infection. According to the guideline for adult HIV/AIDS patients with opportunistic infections recommended by the Center for Disease Control and Prevention, Infectious Diseases Society of America and National Institutes of Health (<http://aidsinfo.nih.gov/guidelines>), the specialist consultant at the TB specialized hospital empirically prescribed first-line anti-TB treatment for this patient with 2 months of isoniazid, rifampicin, ethambutol and pyrazinamide, followed by 4 months of isoniazid and rifampicin. As a result, the fever and cough were eliminated, and the pulmonary infiltrate was also absorbed ([Fig. 1B and C](#f1-mco-0-0-1673){ref-type="fig"}). Thus, according to the guideline, further testing for anti-TB drug sensitivity was not deemed necessary. One month after the aforementioned treatments, lamivudine, tenofovir and efavirenz were administered to the patient as an additional anti-HIV treatment strategy; however, the medication was not taken regularly and follow-up appointments were also irregular. A physical examination was performed following admittance to the hospital, which revealed bilateral oral leukoplakia and tenderness in the left lower chest. Sputum acid-fast staining analysis did not reveal any signs of TB infection, and no anaerobic bacteria, aerobic bacteria, fungi or *Mycobacterium tuberculosis* were present in blood culture. The results of the laboratory tests performed on admission are presented in [Table I](#tI-mco-0-0-1673){ref-type="table"}. Lumbar puncture was performed due to the patient suffering from headaches; however, no pathogens were found in the cerebrospinal fluid (CSF). The results of CSF examinations are presented in [Table I](#tI-mco-0-0-1673){ref-type="table"}. A chest X-ray revealed multiple masses in both lungs ([Fig. 1D](#f1-mco-0-0-1673){ref-type="fig"}) and a subsequent thoracic computerized tomography (CT) scan confirmed this result ([Fig. 1E-J](#f1-mco-0-0-1673){ref-type="fig"}). Brain magnetic resonance imaging (MRI) revealed nodules in the left frontal cortex and the bilateral basal ganglia. ([Fig. 1K and L](#f1-mco-0-0-1673){ref-type="fig"}). The patient was initially suspected to be suffering from a pulmonary and CNS infection; however, the X-ray and laboratory findings did not support this suspected diagnosis. To determine the composition of the lung and brain masses, a percutaneous lung needle biopsy was performed, revealing large numbers of lymphocytes ranging in size from medium to large, with oval or round nuclei containing fine chromatin and scanty cytoplasm ([Fig. 2A-C](#f2-mco-0-0-1673){ref-type="fig"}). Furthermore, immunohistochemistry staining analysis revealed that these results were consistent with a diagnosis of germinal center B-cell-like (GCB) DLBCL ([Fig. 2D-G](#f2-mco-0-0-1673){ref-type="fig"}). ^18^F-labelled fluorodeoxyglucose (FDG) positron emission tomography (PET) revealed that FDG uptake was high in the brain, mediastinum, lungs, right adrenal gland, thoracic vertebrae and ribs ([Fig. 3](#f3-mco-0-0-1673){ref-type="fig"}). Based on these results, experienced radiologists suggested a diagnosis of systemic lymphoma with CNS involvement. Then, bone marrow aspiration was performed, and cytological examination revealed normal bone marrow hyperplasia, without the presence of lymphosarcoma cells. Therefore, the patient was diagnosed with stage IV NHL according to the Ann Arbor staging system for lymphoma ([@b9-mco-0-0-1673]), B group as he displayed one of the systemic B symptoms, including fevers (\>38.5°C), drenching night sweats and/or weight loss (\>10% of body weight over 6 months prior to diagnosis). The patient had a poor prognosis due to his high-intermediate risk (score 3) according to international prognostic index: Stage IV, high serum lactate dehydrogenase level, \>1 extranodal sites ([@b10-mco-0-0-1673]) and CD4 cell count \<100 cells/µl ([@b11-mco-0-0-1673]). Unfortunately, the patient refused chemotherapy or radiotherapy for the treatment of lymphoma due to his poor economic status and poor prognosis, and discharged himself from the hospital.

Discussion
==========

The majority of risk factors for the development of lymphoma are associated with altered immune function ([@b12-mco-0-0-1673]), including infection with HIV, the administration of immunosuppressants for the prevention of organ transplant rejection and severe autoimmune conditions ([@b13-mco-0-0-1673]). DLBCL is the most common type of NHL in HIV-infected as well as non-HIV infected patients ([@b3-mco-0-0-1673]). The majority of patients with PPL suffer from marginal zone lymphomas of the mucosa-associated lymphoid tissue type ([@b14-mco-0-0-1673],[@b15-mco-0-0-1673]). DLBCL directly arising from lung tissue is extremely rare, and accounts for 0.4% of all lymphomas ([@b16-mco-0-0-1673]). Primary pulmonary DLBCL is frequently misdiagnosed as pneumonia, TB or lung cancer due to its non-specific clinical symptoms, and definitive diagnosis most often requires invasive lung biopsy ([@b5-mco-0-0-1673],[@b17-mco-0-0-1673]). There has been a report of a patient suffering from pulmonary lymphomatoid granulomatosis who was misdiagnosed as suffering from pulmonary aspergillosis and TB ([@b18-mco-0-0-1673]).

PCNSL is a rare type of extranodal NHL ([@b19-mco-0-0-1673]), and congenital or acquired immunodeficiency is the only risk factor for this tumor that has been established to date. Patients with PCNSL have lymphosarcoma cells present in the CNS, which may induce lymphoma relapse ([@b20-mco-0-0-1673]). Unlike peripheral tumors, cerebral lymphoma is difficult to diagnose by histopathology. Therefore, MRI and PET-CT examinations can assist in the diagnosis of most CNS lymphomas. The typical findings of PCNSL on MRI are considered to be single lesions (60-70% of the cases) or multiple lesions (30-40% of the cases) without necrosis and with a relatively small oedema, which are usually localized in the periventricular space ([@b21-mco-0-0-1673]). FDG-PET has been shown to provide high accuracy in the differentiation between cerebral lymphomas and infectious lesions in patients with AIDS. Malignant processes tend to exhibit higher uptake compared with infections ([@b22-mco-0-0-1673]). In the present case, the brain MRI revealed nodules in the left frontal cortex and bilateral basal ganglia, and the FDG-PET revealed high signal in the brain, which were considered to be consistent with the MRI and PET characteristics of CNS lymphoma by experienced radiologists based on the NCCN Clinical Practice Guideline in Oncology ([www.NCCN.org](www.NCCN.org)). Furthermore, other CNS malignancies were excluded, as the simultaneous presence of a systemic lymphoma and another carcinoma in the same patient is extremely rare. The most common pathogenic infections in the brain parenchyma of HIV/AIDS patients are toxoplasma, TB and cryptococcosis. The clinical presentation and laboratory tests for the presence of pathogenic microorganisms in the blood and CSF did not confirm the diagnosis of cerebral parenchymal pathogen infection in the present case. Furthermore, the radiographic appearance of the CNS lesions did not support this diagnosis. Therefore, infectious lesions of the brain were not considered in this case.

In conclusion, patients suffering from both pulmonary and nervous system lymphoma are extremely rare. This case study was reported with the aim to increase awareness among physicians regarding the presence of DLBCL with concurrent pulmonary and CNS involvement.
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![Imaging examinations revealed masses in both lungs and the brain. (A) A chest X-ray revealed infiltrates and calcifications in both lungs (18 months prior to the presentation). (B and C) A chest X-ray performed after 6 months of standard first-line anti-tuberculosis chemotherapy revealed that the pulmonary infiltrate was absorbed. (D) A chest X-ray revealed multiple masses in both lungs. (E-J) Thoracic computed tomography scans revealed multiple nodules and masses in both lungs. (K and L) Brain magnetic resonance imaging revealed nodules in the left frontal cortex and bilateral basal ganglia.](mco-09-03-0264-g00){#f1-mco-0-0-1673}

![(A-C) Histopathology of the pulmonary biopsy specimen revealed large numbers of lymphocytes ranging in size from medium to large, with oval or round nuclei containing fine chromatin and scanty cytoplasm (hematoxylin and eosin staining). (D-G) Immunohistochemistry of the pulmonary biopsy specimen revealed positive CD3, CD20, CD21, CD79 expression on the surface of the lymphocytes.](mco-09-03-0264-g01){#f2-mco-0-0-1673}

![FDG-PET scans revealed numerous high signal tumors. (A-F) PET scan images revealed that FDG uptake was high in the brain, mediastinum, lungs, right adrenal gland, thoracic vertebrae and ribs. FDG, fluorodeoxyglucose; PET, positron emission tomography.](mco-09-03-0264-g02){#f3-mco-0-0-1673}

###### 

Laboratory test results on admission.

  Test item                                                           Test value   Normal range
  ------------------------------------------------------------------- ------------ --------------
  White blood cell count (109/l)                                      2.94         3.5-9.5
  Neutrophils (%)                                                     73.5         40-75
  Lymphocytes (%)                                                     15.0         20-50
  Hemoglobin (g/l)                                                    95.0         130-175
  Platelets (109/l)                                                   202          125-350
  Blood urea nitrogen (mmol/l)                                        4.19         2.29-7.0
  Creatinine (µmol/l)                                                 47.6         53-106
  Alanine transaminase (U/l)                                          34.9         9-50
  Glutamic-oxaloacetic transaminase (U/l)                             39.8         15-40
  Total bilirubin (µmol/l)                                            4.0          5-20
  Direct bilirubin (µmol/l)                                           2.6          1.7-10
  Albumin (g/l)                                                       28.6         40-55
  β٢-microglobulin (mg/l)                                             6.08         1.09-2.53
  Lactate dehydrogenase (U/l)                                         526          135-225
  CD4 cell count (cells/µl)                                           42           600-800
  Erythrocyte sedimentation rate (mm/h)                               50           \<15
  High-sensitivity C-reactive protein (mg/l)                          35           0-3
  Procalcitonin (ng/ml)                                               1.76         \<1.0
  Plasma ([@b1-mco-0-0-1673],[@b3-mco-0-0-1673]) β-D-glucan (pg/ml)   10           \<60
  Serum galactomannan antigen                                         Negative     Negative
  Cryptococcal antigen                                                Negative     Negative
  Anti-EBV-EA IgM antibody                                            Negative     Negative
  Anti-EBV-VCA IgM antibody                                           Negative     Negative
  Anti-CMV IgM antibody                                               Negative     Negative
  Anti-mycoplasma IgM antibody                                        Negative     Negative
  Anti-chlamydia IgM antibody                                         Negative     Negative
  EBV DNA (copies/ml)                                                 \<500        \<500
  CMV DNA (copies/ml)                                                 \<500        \<500
  HIV RNA loads (copies/ml)                                           10×106       \<500
  CSF pressure (mmH2O)                                                85           80-180
  CSF total cell count (106/l)                                        0            0-8
  CSF protein (g/l)                                                   0.22         0.15-0.45
  CSF glucose (mmol/l)                                                2.59         2.8-4.5
  CSF chloride (mmol/l)                                               120.9        120-132
  CSF TOX-IgM                                                         Negative     Negative
  CSF TOX-IgG                                                         Negative     Negative

EBV, Epstein-Barr virus; CMV, cytomegalovirus; EA, early antigen; VCA, viral capsid antigen; HIV, human immunodeficiency virus; CSF, cerebrospinal fluid; TOX, toxoplasma.
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